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Besides the requirement of compact size and wide
bandwidth, the antenna needed to possess good radiation
characteristics such as gain and efficiency. It’s well known
the extension of the effective aperture of the antenna
improves it gain and efficiency performance.
Conventionally this can be achieved by increasing the
effective cross-sectional area of antenna. The proposed
antenna’s effective aperture was increased by simply
increasing the number of CRLH-TL unit-cells, which is
confirmed in Fig. 7, without increasing its physical size.
Antenna with four unit-cells provides a gain and efficiency
of 4.94 dBi and 74%, respectively, at 7 GHz. Increasing the
unit-cells from four to six results in gain and efficiency
improvement to 6.1 dBi and 85%, respectively.
The optimized dimensions of the antenna parameters and
equivalent electrical circuit are given in Table I.
Fig. 7. Gain and efficiency performance as a function of number of CRLH-
TL unit-cells.
Table I – Dimensions of Antenna and Parameter values
Number of Unit Cells 6
Length of Cavities ( ) 2.50 mm
Width of Cavities ( ) 0.50 mm
Distances between Slits 0.60 mm
Width of Spirals 0.25 mm
Spacing of Spirals 0.25 mm
Turns of Spirals 2
Height of Via Hole 0.80 mm
Length of SMD1206 4.20 mm
Amount of SMD1206 20 Ω 
CL 3.2 pF
LL 4.5 nH
CR 1.5 pF
LR 3.4 nH
GL 5.6 S
GR 3.2 S
RL 6.0 Ω 
RR 4.2 Ω 
Three simulation tools, i.e. ADS, HFSS and CST MWS,
were used to compare the performance of the antenna. The
antenna’s performance was measured to validate the design.
The simulated averaged gain and averaged efficiency of the
antenna using HFSS, CST MWS and ADS are 4.5 dBi and
76%, respectively, at 5.8 GHz; 4.9 dBi and 80%,
respectively, at 6.6 GHz; and 4.65 dBi and 78%,
respectively, at 7.3 GHz. The measured gain and efficiency
response are plotted in Fig. 8. The measured gain and
efficiency are 4.3 dBi and 74%, respectively, at 5.8 GHz;
4.8 dBi and 78%, respectively, at 6.6 GHz; and 4.6 dBi and
76%, respectively, at 7.3 GHz.
Fig. 8. The measured gain and efficiency performance.
The measured E-plane and H-plane radiation patterns at
spot frequencies of 5.8 GHz, 6.6 GHz and 7.3 GHz are
plotted in Fig. 9. The antenna radiates unidirectionally with
3 dB angular beamwidth of 90 degrees.
Fig. 9. E-plane and H-plane radiation patterns at 5.8, 6.6 and 7.3 GHz.
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The surface current distribution over the proposed
antenna at various frequencies is shown in Fig. 10. The U-
shaped slots affect the current flow over the antenna to
generate the radiation patterns shown in Fig. 9 that are
stable across its operating frequency range of 5.8 GHz to 7.3
GHz.
Table II summarizes the antenna performance in terms
of dimensions, impedance bandwidth, gain and efficiency.
The proposed antenna has advantages of low profile,
relatively wide impedance bandwidth, high gain, and high
efficiency across 5.8 GHz to 7.3 GHz. The antenna is simple
to design and cost effective to manufacture.
@ 5.8 GHz
@ 6.6 GHz
@ 7.3 GHz
Fig. 10. Surface current density distribution over the antenna.
Table II. Summary of Antenna Performance
Dimensions Impedancebandwidth
Gain (dBi)
@ freq.
(GHz)
Efficiency @
freq. (GHz)
20.4×6.8×0.8 mm3
or
0.39λ0×0.13λ0×0.015λ0
@ 5.8 GHz
23%
(5.8-7.3 GHz)
4.3 @ 5.8
4.8 @ 6.6
4.6 @ 7.3
74% @ 5.8
78% @ 6.6
76% @ 7.3
III. CONCLUSION
A compact and low profile antenna design is proposed that
is based on composite right-left handed transmission-line
unit-cells consisting of a U-shaped slot and a spiral inductor
that is short-circuited to ground using via-holes. The
rectangular antenna which is embedded with the unit-cells
and the number of unit-cells is shown to determine the
antenna’s impedance bandwidth. The antenna’s performance
was validated through measurements. Over the operating
frequency range of 5.8 GHz to 7.3 GHz it provides an
average gain of 4.57 dBi and an average efficiency of 76%.
Its unidirectional radiation pattern is stable over its
operating frequency range.
ACKNOWLEDGEMENTS
The authors would like to express their sincere thanks to the
Iran Telecommunication Research Center (ITRC) with grant
number of 6987/500/T, the microwave and millimeter wave
laboratory of the Amirkabir University of Technology
(Tehran Polytechnic) and the antenna laboratory of the K. N.
Toosi University of Technology for supporting this project
and providing the measured results.
REFERENCES
[1] R.E. Collin, Field Theory of Guided Waves, second Ed., Wiley- Inter
science, 1991, chap. 12.
[2] C.A. Balanis, Antenna Theory and Design, John Wiley & Sons, 1997.
[3] A. Rennings, S. Otto, J. Mosig, C. Caloz and I. Wolff, “Extended
Composite Right/Left-Handed (E-CRLH) Metamaterial and its
Application as a Quadband Quarter Wavelength Transmission Line,”
Asia-Pacific Microwave Conference, Yokohama, 12-15 Dec. 2006,
pp. 1405-1408.
[4] N. Engheta and R. W. Ziolkowski, “Electromagnetic Metamaterials:
Physics and Engineering Explorations,” Wiley and IEEE Press,
Hoboken, 2006.
[5] S.G. Mao, S.L. Chen, C.W. Huang, “Effective Electromagnetic
Parameters of Novel Distributed Left-Handed Microstrip Lines,”
IEEETrans. Microw. Theory Tech., Vol. 53, No. 4, 2005, pp. 1515–
1521.
[6] A. Lai, C. Caloz, and T. Itoh, “Composite Right/Left Handed
Transmission Line Metamaterials,” IEEE Microwave Mag., Vol. 5,
No. 3, Sept. 2004, pp. 34–50.
[7] C. Caloz and T. Itoh, Electromagnetic Metamaterials, Transmission
Line Theory and Microwave Applications, Wiley and IEEE Press,
2005.
[8] C.J. Lee, K.M.K.H. Leong, T. Itoh, “Composite Right/Left-Handed
Transmission Line Based Compact Resonant Antennas for RF
Module Integration,” IEEE Trans Antennas and Propagation, Vol. 54,
No. 8, pp. 2283–2291.
[9] C. Caloz, T. Itoh, and A. Rennings, "CRLH Traveling-Wave and
Resonant Metamaterial Antennas," Antennas Propagat. Magazine,
Vol. 50, No. 5, 2008, pp. 25-39.
[10] M. Alibakhshi-Kenari, “Introducing the New Wide Band Small Plate
Antennas with Engraved Voids to Form New Geometries Based on
CRLH MTM-TLs for Wireless Applications,” Int. Journal of
Microwave and Wireless Technologies, March 2014, pp. 1-9,
DOI:http://dx.doi.org/10.1017/S1759078714000099.
[11] M. Alibakhshi-Kenari, “Printed Planar Patch Antennas Based on
Metamaterial” Int. Journal of Electronics Letters, Jan 2014, pp. 37-42,
http://dx.doi.org/10.1080/21681724.2013.874042.
[12] M. Alibakhshi-Kenari, M. Movahhedi and H. Naderian, “A New
Miniature Ultra Wide Band Planar Microstrip Antenna Based on the
Metamaterial Transmission Line,” 2012 IEEE Asia-Pacific
Conference on Applied Electromagnetics, Dec. 11-13, 2012, Melaka,
Malaysia.
Pr
of
 V
ird
ee
